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Descripti n 

This invention relates to a process for producing a propylene copolymer having excellent crystallinity. 
Polypropylene is a synthetic resin which has high rigidity and mechanical strength, but its rate of 

5 crystalliz ation is relatively slow . In some applications, therefore, its crystallin ity after nnoldingjs low and its 
n oiaWTs reduced accordingly. Or because of the formation of relatively large spherulites, molded articles 
of the polymer have i nferior transparency and may have a debased commercial valued 

Some attempts have been made heretofore to improve the crystallinity and transparency of 
polypropylene. For example, it is known that when an aluminum or sodium salt of an aromatic carboxylic 

to acid (Japanese Laid-Open Patent Publication No. 80329/1983) or an aromatic carboxylic acid, an aromatic 
metal phosphate or a sorbitol derivative (Japanese Patent Publication No. 12460/1980) is added, it becomes 
an agent for forming a crystal nucleu s (to be referred to as a nuclear-forming agent), and reduces the 
aforesaig^jDrpbJem. Among these nucleus-forming agents, the sorbitol derivative exhibits a particularly 
good I nucleus-forming effect, but is limited in its use because U bleeds ou t from the resin to contaminate 

is mils durin g film formation and give an offensive odor during processing . The aluminum salt of an aromatic 
carboxylic acid which is frequently used acts as a nucleus-forming agent, but has a very small effect of 
improving the transparency of polypropylene. Furthermore, a film formed from polypropylene containing 
this aluminum salt develops numerous voids. 

Japanese Patent Publication No. 32340/1970 describes that to improve the transparency of 

20 polypropylene, a three-component copolymer is prepared by copolymerizing propylene, an a-olefin having 
4 to 18 carbon atoms and 3-m ethyl butene-1. However, the transparency of this copolymer is still 
unsatisfactory. 

The present inventors have found that t he rigidity and transparency of polypropylene ca n be improv d 
by copolymerizing propylene with a vinyl cycloalkane. 

25 ~ According to this invention, there is provided a process for producing a propylene copolymer, which 
comprises carrying out (A) the poly merizati on of a vinyl cycloalkane having at least 6 carbon atoms a nd (B ) 
the polymerization of propylene or the copolymerization of propylene with ethylene in a multiplicity o f 
steps using a catalyst system composed of a titanium compound and an orqanoaluminum compound, to 
thereby produce a propylene copolymer containing 0.05 weight ppm to 10,000 weight ppm of the vinyl 

30 cycloalkane unit. 

For example, in the process of this invention, the polymerization (A) of the vinyl cycloalkane is carried 
out by at least one of the following multistep polymerization procedures. 
r (1) The vinyl cycloalkane is polymerized in a first step, and propylene is polymerized either alone or 
I with ethylene in a second step. 
35\ (2) Propylene is polymerized either alone or with ethylene in a first step and the vinyl cycloalkane is 
) polymerized in a second step. 

) (3) Propylene is homopolymerized in a first step, the vinyl cycloalkane is polymerized in a second step, 
[ and propylene is polymerized alone or with ethylene in a third step. 

t The drawing shows a schematic vertical section of a pressing device for molding a sample sheet for the 

40 measurement of optical properties. 

There is no particular limitation on the content of the vinyl cycloalkane in the copolymer. In order to 
obtain an improving effect without changing the inherent properties of polypropylene, the proportion of 
the vinyl cycloalkane unit in the copolymer should be 0.05 weight ppm to 1 0,000 weight ppm, preferably 0.5 
weight ppm to 5,000 weight ppm, more preferably 0.5 weight ppm to 1,000 weight ppm. 

45 Specific examples of the vinyl cycloalkane used in this invention are vinyl cyclopentane, vinyl-3-methyl 
cyciopentane, vinyl cyclohexane, vinyl-2-methyl cyclohexane, vinyl-3-methyl cyclohexane and vinyl 
norbornane, with vinyl cyclopentane and vinyl cyclohexane being preferred. 

The polymerization (A) of the vinyl cycloalkane may be homopolymerization of the vinyl cycloalkane or 
copolymerization thereof with a small amount (I.e., up to 20 mole% per mole of the vinyl cycloalkane) of 

so another vinyl cyloalkane or with an a-olefin such as ethylene, propylene or butene. Examples of another 
vinyl cycloalkane to be copolymerized with the vinyl cycloalkane are those listed above for the vinyl 
cycloalkane. Suitable polymerization solvents include the above vinyl cycloalkane monomers themselves 
and hydrocarbons such as butane, hexane, heptane, benzene and toluene. The polymerization temperature 
is the same as in the polymerization of a-olefins with conventional Ziegler-Natta catalysts, and is preferably 

55 in the range of 20 to 1 00°C. The polymerization pressure is atmospheric pressure to 58,84 bar (60 kg/cm 2 -G.) 
There is no particular limitation on the amount of the vinyl cycloalkane polymerized per gram of the 
titanium compound catalyst, but preferably it is 0.01 to 100 g, more preferably 0.1 to 50 g. 

The homopolymerization of propylene or its copolymerization with ethylene (B) may be carried out by 
known polymerization methods, for example, by slurry polymerization in a hydrocarbon solvent such as 

60 hexane or heptane, bulk polymerization in liquefied propylen , vapor-phase polymerization in a propylene 
gas, etc. Th poivm rization temperature is 20 to 100°C. and the polym rization press ure is atmospheric 
pressur to 58,84 bar (60 kg/cm 2 -G.) The copolymerization of propylene with ethylene may be random 
copolymerization or block copolymerization. In case of the copolymerization of propylene with ethylene, 
the amount of ethylene copolym rized is up to 50 mole% per mole of pr pylene. 

65 The titanium compound us d as part of the catalyst is a Ziegler-Natta catalyst which gives an isotactic 
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polymer, and there can be used titanium trichloride catalysts sold by Toyo Stauffer Co., Ltd.. Toho Titanium 
Co Ltd.,' Marubeni-Solvy Co., Ltd., etc. The catalysts comprising a magnesium compound and a t itanium 
r ompound supported thereon, described in, for example, Japanese Laia-upen Patent Publication Nos. 
59916/1982 and 135408/1980 can also be conveniently used. 
5 The organoaluminum compound used as the other part of the catalyst is preferably an alkyl aluminum 

compound represented by the following formula: 

AIX a R 3 -. 

io wherein X represents a halogen atom, an alkoxy group or a hydrogen atom, R represents an alkyl group 
having 1 to 18 carbon atoms and a is a number represented by 0 ^ a < 3. Specific examples include 
AI(CH 3 ) 3 , AI(CH 3 ) 2 Cl, AI(CH 3 ) 2 Br, A«CH 3 ) 2 (OC 2 H s ), AI(C 2 H 5 ) 3 , AI(C 2 H 5 ) 2 CI, AI(C 2 H 5 ) 2 8r, AI(C 2 H 5 ) 2 (OC 2 H 5 ). 
AI(C 2 H 5 ) 2 (OC 4 H 9 ), AI(C 2 H 5 )(0C 4 H 9 ) 2 , AI(C 2 H s )Ci 2 , AI(C 4 H 9 ) 3 , AI(C 4 H 9 ) 2 CI, AI(C 6 H 13 ) 3 , AI(C 6 H 13 ) 2 CI and mixtures 

;5 ther The amount of the organoaluminum compound used is 0.01 to 100 moles, preferably 0.1 to 50 moles, 
per gram-atom of titanium, and is 0.01 to 100 millimoles, preferably 0.1 to 50 millimoles, per liter of the 
solvent and liquid monomers combined. 

To increase the stereoregularity of the polymer it is possible to add an electron donor such as a 
carboxylic acid ester, phosphoric acid ester or silicic acid ester during the polymerization. 

20 The propylene copolymer obtained by the process of this invention can be molded into a variety of 
products such as sheets, films, containers and fibers by known techniques such as injection molding, 
pressure forming, vacuum forming, extrusion molding, blow molding and stretching. 

As required/ all types of additives normally incorporated in polypropylene, such as heat and light 

stabilizers , antistatic agents , carbon black, pigments and flame retardants. can be added to the propylene 

25 copolymer obtained by this invention. It is also possible to blend the propylene copolymer of the invention 
with another polymer such as low-density polyethylene, high-density polyethylene, polybutene and EP 
(ethylene/propylene) rubber and fillers such as mica an d talc. 
The following examples illustrate the present invention. 

The various properties including the melt index, light^scattering index (LSI), haze, gloss, [nj and 
30 crystallization temperature shown in these examples were measured by the following examples. 
(1) Melt index: 

Measured in accordance with J IS K — 6758. 
(2) (n): 

Measured at 135°C in tetralin using an Ubbelohde's viscometer. 
35 (3) Crystallization temperature: 

Measured at a rate of fall in temperature 4°C/min. by means of a differential scanning calorimeter 

(DSC). 

(4) Light-scattering index (LSI): 

Measured by an LSI tester made by Toyo Seiki K.K. (receiving scattering transmitting light of 1.2 to 
40- 3.6°). 

(5) Haze: 

Measured in accordance with ASTM D1003. 

(6) Gloss: 

Measured inaccordance with ASTM D532 — 53T, 
45 (7) Total light transmittance: 

Measured by ASTM D1746— 62T. 
(8) Flexural modulus: 

Measured in accordance with ASTM 0790 — 66 on a sample having a thickness of 5.0 mm obtained by 
compression molding in accordance with JIS K — 6758. 
so Samples for the measurement of the optical properties (4) to (7) were prepared in accordance with the 

pressing temperature, pressure and time conditions indicated in JIS K — 6758 by using the pressing device 
shown in the drawing, i.e., a resin sample was put into a space surrounded by a 1 mm-thick stainless plate 1 
and a 1 mm-thick aluminum plate 2 and then pressed to prepare the sample sheet. The numerals 3 each 
designate a 1 mm-thick stainless steel plate at the top and base. 

55 

Example 1 

To 100 ml of dehydrated and purified n-heptane were successively added 1.95 g of triethyl aluminum, 
675 mg of ethyl p-anisate and 6.0 g of a titanium compound cataylst synthesized in accordance with 
Example 1 of Japanese Laid-Open Patent Publication No. 59916/1982. The mixed solution was then heated 

60 to 50°C, and then 50 ml of vinyl cyclohexane was added. The vinyl cyclohexane was polymenz d for 15 
minutes. The r su iting polyme r slurry was washed four times _wi th 200 ml of n-h pta ne to remove the 
unreacted vi nyl cyciohexan ,jriei bvl aluminum and ethyl p^nisate. The n-heptane was removed from th e 
washed active slurry by "distiHation under reduced pressure t o obtain 7.8 g of a powder of p olyvinyl 
cycToHexane containing the active catalyst. The amount of polyvinyl cyclohexane formed wa s 0.30 g per 

65 gram of the charged titanium compound catalyst. 
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mPtlS Polymerization catalyse 0.75 g of triethyl ajuminum . 0.237 q of 

. "-hep tane, propylene waspSl^wTzed in a 5 :iTS15iSi5Slir autoclave 
at a temperature of 70°C under a pressure of 5,884 bar (6 kg/cm*-G) for 40 minutes using hydrogen in a 
concentration of 1.5% by volume. After the polymerization, 50 ml of n-butanol was added to stop Th! 
po ymenzat.on. The polymer slurry was taken out. and filtered to separate the polymer powder from the 
solvent. The polymer was washed with 500 ml of IN hydrochloric acid and then with methanol until the 
washings became neutral. The powder was dried and then weighed. Its amount was found to be 840 g The 
amount of propylene polymerized was 1030 g per gram of the titanium-contained solid catalyst. The 
powdery copolymer had an ( n ) of 1.93 dl/g. The vinyl cyclohexane unit content of the copolymer powder 
wa s 29Q € weight ^pm™ ""* ° f V ' nVl Cyclohexane P 0,vmerize d Per gram of the titanium compound catalyst! 

To 100 parts by weight of the copolymer was added as stabilizers 0.2 part by weight of (2,6-ditertiary 
butyl hydroxytoluene) and 0.05 part by weight of calcium stearate and 0.05 part by weight of lrganox n 1010 
(an antioxidant made by Ciba-Geigy AG, tetrakis(methylene-3-(3',5'-di.t-butyl-4-hydroxyphenyl)- 
J5 propionatelmethane). They were kneaded for 5 minutes by a hot roll at 190°C. The mixture was melted and 
compressed by a hot press-forming machine kept at 230°C. Then, it was cooled by a cold press having 
water at 30°C circulated therethrough to form a pressed sheet having a thickness of 1 mm The resulting 
sheet was quite odor-free, and had a haze of 24.0%, an LSI of 1.6% and a gloss of 100%. The crystallization 
temperature of the copolymer composition was 132.6°C. 

20 

Comparative Example 1 

Propylene was homopolymerized under the same conditions by using the same fresh titanium 
compound catalyst as used in Example 1. Polypropylene obtained had a haze of 60.0%, an LSI of 42 0% a 
gloss of 73% and a crystallization temperature of 119.0°C. 
25 There was a difference of as large as 13.6°C between the crystallization temperature of the propyl ne 
copolymer obtained in Example 1 and that of the propylene homopolymer obtained in Comparative 
Example 1. Moreover, the propylene copolymer of Example 1 had better optical properties than the 
propylene homopolymer of Comparative Example 1. This indicates the superior nucleus forming action of 
the vinyl cyclohexane polymer. 

30 

Examples 2 to 6 

To 500 ml of dehydrated and purified n-heptane were successively added 7.5 millimoles of diethyl 
aluminum chloride and 50.4 g of the titanium trichloride catalyst (made by Marubeni-Solvay Co Ltd ) The 
mixed solution was heated to 60°C, and thereafter, 70I of vinyl cyclohexane was added dropwise and 
35 simultaneously polymerized for 90 minutes. There was obtained a catalyst containing 1 .09 g of polymeriz d 
vinyl cyclohexane per gram of the titanium trichloride catalyst. 

Propylene was homopolymerized in the same way as in Example 1 by using this catalyst and diethyl 
aluminum chloride to obtain a propylene copolymer shown in Table 1. 

The optical properties and flexural modulus of the copolymers obtained in these runs are measured as 
4o in Example 1, and the results are shown in Table 1. 

Comparative Examples 2 to 8 
Propylene copolymers obtained in the same way as in Examples 2 to 6 except that the vinyl 
cyclohexane was changed to the vinyl compounds indicated in Table 1. The optical properties and flexural 
45 modulus of the resulting copolymers are shown in Table 1. 
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The data given in Table 1 show that the vinyl cyclohexane polymer in a very small amount shows an 
effect of improving the optical properties and rigidity of polypropylene; that no correlation is seen between 
the melting point of the homopolymer of the vinyl compound polymerized in th first step and the 
transparency of the copolymer; and that 3-methy1butene-1- and 3-methylpentene-1 used in the 
comparative examples had some improving effect. 

Example 7 and Comparative Example 9 
In the same way as in Example 2, the propylene/ethylene random copolymer was produced, and its 
optical properties were measured. The results are shown in Table 2. It is seen that as a result of 
copolymerizing a small amount of vinyl cyclohexane, the transparency of the propylene7ethylene 
copolymer increased markedly. 
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In Examples 1 to 7. when vinyl cyclopentane is used instead of vinyl cyclohexane, the same effects can 
be obtained. 

Claims 

5 

1. A process of producing a propylene copolymer, which comprises carrying out in a multiplicity of 
steps (A) the polymerization of vinyl cycloalkane having at least 6 carbon atoms and (B) the polymerization 
of propylene or the copolymerization of propylene with ethylene, using for both (A) and (8) a catalyst 
system composed of a titanium compound and an organoaluminum compound, to thereby produce a 

to propylene copolymer containing 0.05 weight to 10,000 parts per million by weight of the vinyl cycloalkane 
unit. 

2. A process as claimed in Claim 1, wherein the process consists of two steps in which the 
polymerization (A) is carried out in a first step and the polymerization (8) is carried out in a second step. 

3. A process as claimed in Claim 1, wherein the process consists of two steps in which the 
'5 polymerization <B) is carried out in a first step and the polymerization (A) is carried out in a second step. 

4. A process as claimed in Claim 1, wherein the process consists of three steps in which the 
polymerization (B) is carried out in a first step, the polymerization (A) is carried out in a second step, and the 
polymerization (B) is carried out in a third step. 

5. A processes as claimed in any of Claims 1 to 4, wherein in the polymerization (A), the vinyl 
20 cycloalkane is polymerized in an amount of 0.01 to 100 g per gram of the titanium compound. 

6. A proceses as claimed in any of Claims 1 to 5, wherein said propylene copolymer contains 0.5 weight 
ppm to 5,000 weight ppm of the vinyl cycloalkane unit. 

7. A process as claimed in Claim 6, wherein said propylene copolymer contains 0.5 weight ppm to 
1,000 weight ppm of the vinyl alkane unit. 

25 8. A process as claimed in any of Claims 1 to 7, wherein said vinyl cycloalkane is vinyl cyclopentane, 

vinyl-3-methyl cyclopentane, vinyl cyclohexane, vinyl-2-methyl cyclohexane or vinyl norbornane. 

9. A process as claimed in Claim 8, wherein said vinyl cycloalkane is vinyl cyclopentane or vinyl 
cyclohexane. 

30 Patentanspruche 

1. Verfahren zur Herstellung eines Propylen-Copolymerisats, dadurch gekennzeichnet, daS man in 
einer Mehrzahl von Stufen (A) Vinylcycloalkan mit mindestens 6 Kohlenstoffatomen und (B) Propylen oder 
Propylen und Athylen polymerisiert bzw. copolymerisiert, wobei man sowohl fur (A) als auch fur (B) ein 

35 Katalysatorsystem aus einer Titanverbindung und einer Organoaluminiumverbindung verwendet, und auf 
diese Weise ein Propylen-Copolymerisat mit 0,05 bis 10,000 Teilen pro Million, bezogen auf das Gewicht, 
Vinylcycloalkan-Einheiten herstellt. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafc das Verfahren aus zwei Stufen besteht, 
wobei die Polymerisation (A) in einer ersten Stufe und die Polymerisation (B) in einer zweiten Stufe 

40 durchgefuhrt wird. 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daS das Verfahren aus zwei Stufen besteht, 
wobei die Polymerisation <B) in einer ersten Stufe und die Polymerisation (A) in einer zweiten Stufe 
durchgefuhrt wird. 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daft das Verfahren aus drei Stufen besteht, 
45 wobei die Polymerisation (B) in einer ersten Stufe, die Polymerisation (A) in einer zweiten Stufe und die 

Polymerisation (B) in einer dritten Stufe durchgefuhrt wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB bei der Polymerisation 
(A) das Vinylcycloalkan in einer Menge von 0,01 bis 100 g pro Gramm Titanverbindung polymerisiert wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB das Propylen- 
so Copolymerisat 0,5 bis 5000 Teile pro Million, bezogen auf das Gewicht, Vinylcycloalkan-Einheiten enthalt. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daU das Propylen-Copolymerisat 0,5 bis 1000 
Teile pro Million, bezogen auf das Gewicht, Vinylcycloalkan-Einheiten enthalt. 

8. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, dafc das Vinylcycloalkan 
Vinylcyclopentan, Vinyl-3-methylcyclopentan, Vinylcyclohexan, Vinyl-2-methylcyclohexan oder 

55 Vinylnorbonan ist. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daG das Vinylcycloalkan Vinylcyclopentan 
oder Vinylcyclohexan ist. 

Revendications 

60 

1. Un procede de fabrication d'un copolymere de propylene, qui consiste a mettre en oeuvr en 
plusieurs eta pes (A) la polymerisation d'un vinylcycloalcane en au moins C 6 et (B) la polymerisation du 
propylene ou la copolymerisation du propylene avec I'ethylene, en utilisant a la fois pour (A) et (B) un 
system catalytique constitue d'un compose de titane et d'un compose d'organoaluminium, de maniere a 
65 produire un copolymere de propylene content 0,05 a 10 000 ppm en poids du motif de vinylcycloalcane. 
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dans une seconde etape. nrocede consiste en trois etapes dans lesquelles la 

4. Un precede selon la revend.cat.on 1. dans lequel .P;°"^ C °^ o| erisation (A ) est mise en oeuvre 
polymerisation (B) est mise en oeuvre dan. P™™™ ^ r ? a ns une troisieme etape. 

dans une seconde etape et la polvmer.sat.on B) est rn.se w dgns , a polym erisation (A). 

5. Un procede selon I'une que ^^^^ gra mme du compose de titane. 

,e TuT^S^^^ V ?• dans ,equel ,edit copo,vm * re de 

viny.no^rna^ _ ^ ^ reven(jjcatjon 8 dans , equel ledjt vin y. C ycloa.cane est I. viny.cyc.opentane ou le 



20 vinylcyclohexane. 
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